Purpose of Module
By the conclusion of this module, learners will be able to understand basic principles of innate and adaptive immunity and effector mechanisms of adaptive immunity, and apply those principles in experimental settings. Specific topics introduced in this module include cell types and tissue organization, functions of B cells and T cell subsets, humoral and cell-mediated immunity, lymphocyte activation, and antigen presentation. Learners will also have an understanding of the historical development of current concepts in immunology regarding the use of antisera to cell surface molecules as markers for lymphocyte subsets, B-T lymphocyte interactions during humoral responses, and antigen recognition by B and T cells.
Objectives
1. Learners will begin building a foundation of general knowledge of basic immunology concepts, such as principles of innate and adaptive immunity, and effector mechanisms of adaptive immunity.
2. Learners will be able to evaluate an immunology experimental design related to basic concepts of immunology, demonstrating the ability to:
• Identify or provide examples of appropriate controls.
• Justify the use of specific methods.
• Assess whether or not a given method provides a desired measure.
3. Learners will be able to interpret data provided for a given experimental protocol, including the ability to:
• Draw conclusions based on the data.
• Recognize results that may not fit current understandings.
• Discuss results in the context of current concepts of immunology.
4. Learners will be able to predict experimental results given an experimental protocol and relevant background information, including the ability to:
• Decide between alternative experimental outcomes based on current immunology concepts.
• Justify predicted results in the context of established immunology concepts.
5. Learners will be able to design an experiment to test a hypothesis, including the ability to:
• Identify required reagents, cell lines, animal strains, etc.
• Propose appropriate assays to measure experimental outcomes.
• Organize a sequence of experiments.
• Justify the proposed design in the context of current immunology concepts. 
Advanced Preparation Assignment

Context
This module is the first of nine modules designed to teach experimental immunology to basic scientists and clinician scientists conducting research in immunology and/or using immunological methods. Originally developed for second-year biomedical science MS and PhD students enrolled in a semesterlong immunology graduate course, this material is also appropriate for basic science courses for medical and dental students and/or for review of immunology by residents and fellows.
In a graduate-level immunology course entitled "Principles of Immunology", each TBL module has a specific reading assignment, and is preceded by a block of 3-4 lectures. An exam is administered after each set of three TBL modules. Exams consist of a combination of recall (short answer and essay) and problem-solving questions. The Group Activity Exercise problems in this module were derived from past exam questions. Because of scheduling constraints for the graduate course for which this TBL material was developed, we implemented what might be described as a modified form of TBL (described in more detail below), as the activity had to be adapted to a 50-minute classroom session. A manuscript describing this application of TBL in biomedical science graduate education is in preparation, and describes improved student satisfaction and performance after implementation of TBL. The author acknowledge that this is not the best way to implement TBL, and does not recommend it unless the faculty user has similar scheduling constraints. Regardless of this limitation in our implementation, this material should provide a useful resource that can be adapted to other immunology courses in a more standard TBL session.
Classes were divided into 4-6 teams with 5-7 students per team. Team diversity was maximized by distributing students into different teams based on academic major, gender, and ethnic background.
In our application of TBL, the Individual Readiness Assurance Test (IRAT) was closed book and consisted of only five (5) multiple choice questions answered on a bubble sheet (Scantron). This number of IRAT questions was sufficient to allow representation from the relevant lectures and elicit student comments in course evaluations about how preparing for the TBL sessions helped them keep up with the material and come to class prepared, thus fulfilling the goals of the readiness assurance process. The Group Activity Exercise (GAE) was open book and consisted of a multi-part problem including 2-3 multiple choice questions and 1-3 discussion questions focused on a single problem in experimental immunology. Because of the limited amount of time available, only one problem was included in our application. Some multiple choice questions were answered by the team on the IF-AT card, which allowed students to work out partial solutions to problems in a step-wise fashion and saved some discussion time. GAE scores were based on awarding 3 points for a correct answer on the first try, 2 points on the second try, etc. If time allows, faculty user of this resource may wish to forego use of the IF-AT cards entirely and use the multiple choice questions as discussion questions as described below. 
Faculty Preparation Note
Two books that provide very good accounts of the historical sequence of experiments that led to current concepts in immunology include "The Cellular Basis of the Immune Response" by Edwards S. Golub (2 nd edition, 1981, Sinauer Associates, Inc.) and "Textbook of Immunology" by Baruj Benacerraf (Williams & Wilkins, 1984) .
Readiness Assurance Test
A set of 15 multiple choice questions is provided. These questions have been used in sets of five questions (#1-5, #6-10, and #11-15) for the Individual Readiness Assurance Test and the Group Readiness Assurance Test. These questions are provided as a resource, and faculty users are encouraged to select any desired subsets of questions from this and/or other modules to tailor this exercise to their application. Item analysis data based on student performance on Individual Readiness Assurance Tests is provided below for all questions. Please note that not all items adhere to current guidelines of the National Board of Medical Examiners for multiple choice questions, and many items involve a false premise or "NOT" question. Such questions can be confusing to some students, so faculty users should feel free to modify these questions as needed for their application. Suggested possible rewording is included for some questions.
Item Analysis
The following item analysis based on IRAT performance is provided to help users determine the suitability of each item (Crocker L & Algina J, Introduction to classical and modern test theory, Harcourt Brace Jovanovich College Publishers, Fort Worth, 1986 Notes: Mean IRAT scores were lower in the third year (2008) due to two RAT items, numbers 13 and 15. Both of these items test the student's ability to follow the experimental design of "classical" experiments that led to our understanding of basic concepts about antibody recognition of antigen (#13 about haptens and carriers) and T cell subsets (#15 about Ly subsets). Students also did relatively poorly on a similar item in 2007 (#9 about haptens and carriers). Although students sometimes struggled with these concepts individually, the teams are generally able to arrive at the correct answers on the GRAT.
Five RAT items were re-used in 2009. Based on the item analyses above, individual performance was essentially the same in 2009 for three of the five items (#4, 5 and 8) as in previous years. Students did perform better on two of the five items (#2 and 6). The possibility that old copies of TBL materials were in circulation and helped some students on some questions can not be ruled out.
Readiness Assurance Test Items
The instructions provided to students for the IRAT were as follows: "Please circle your answer for each of the following questions. Then bubble in your response on your answer sheet. For each question, there is one BEST answer."
1.
The lymph node is divided into paracortical areas, which are mostly T cells, and primary lymphoid follicles, which are mostly B cells. Which area of the spleen corresponds to the lymph node paracortical area and is composed mostly of T cells? Correct Answer: (D) The combination of carrier-specific T cells and hapten-specific B cells overcomes the carrier effect, resulting in a vigorous secondary anti-DNP response. EA, egg albumin; DNP, dinitrophenol. Incorrect Answers: (A-C) All true statements. Note: This is one of several questions involving classical experimental immunological approaches that individual students have difficulty with, but groups are able to work through. Note: This is one of several questions involving classical experimental immunological approaches that individual students have difficulty with, but groups are able to work through.
Which one of the following is NOT a good assay for a cell-mediated immune function? (A) cytotoxic T lymphocyte (CTL) assay (B) radial immunodiffusion (Ouchterlony) (C) graft-versus-host (GVH) reaction (D) mixed lymphocyte reaction (MLR)
CorrectA − − +++ ++ ± ++ − + B − − +++ ++ − ++ − − C − − +++ + − + − + D + − +++ + + + + +
Group Activity Exercises
A set of 3 group application exercises is provided, however only one problem set should be used in a single 50-minute TBL session. Each exercise requires learners to understand and evaluate an experimental design, interpret data, predict experimental results, and/or design an experiment to test a hypothesis. Answers to these questions can not be found in the assigned textbook, and can only be answered by a team discussing, debating, and reaching a consensus on a single best answer. Each problem has multiple parts, including 3-4 multiple choice questions that may be answered on an IF-AT card for immediate feedback, plus 1-3 discussion questions.
The group activity exercises are based on classical experiments in immunology. They were designed for graduate students to introduce basic concepts. For medical immunology courses in which little or no time is devoted to some of these historic concepts, these exercises may be less useful for medical student applications.
Sample Instructions to Learners:
For numbered multiple-choice questions only, please use the IF-AT card for feedback, after your team has discussed the question and arrived at a group consensus. This activity is "open book", but you should attempt to answer the question first based on what you and your team members know. Simply looking up the answer is often not possible, and may waste time. Keep in mind that part of your grade depends on the success of your team.
Be sure to discuss the pros and cons of each answer, and be prepared to justify your team answers in the class discussion.
For numbered multiple-choice questions only, please use the IF-AT card for feedback, after your team has discussed the question and arrived at a group consensus. This activity is "open book", but you should attempt to answer the question first based on what you and your team members know. Simply looking up the answer is often not possible, and may waste time. Keep in mind that part of your grade depends on the success of your team. Be sure to discuss the pros and cons of each answer, and be prepared to justify your team answers in the class discussion.
The experiment illustrated to the right explores which cell 14 types are involved in an in vitro antibody response. Lymph nodes and spleen are especially good tissue sources for lymphocytes. The peritoneal cavity of mice is a particularly good source of macrophages, which are usually harvested a few days after being elicited by the injection of thioglycolate broth. Anti-Ig is short for anti-immunoglobulin antibody, e.g., rabbit antiserum that recognizes mouse Ig. C′ stands for complement. The mice used in this experiment have not been previously immunized. Where columns of plastic beads are indicated, cells that flowed through were used. 
What population of cells is enriched in tube
Group Activity Exercise -Problem 1
A concept that some students sometimes find difficult to understand in this problem is using anti-Ig to remove B cells, i.e., antibody (Ab) that recognizes Ab. Students sometimes must recognize that there are species-specific differences in Ig that can be recognized by a reagent such as rabbit anti-mouse Ig, and that Ig is expressed not only as a secreted effector molecule but also as a cell-surface receptor. Need a hint? Give it a good try on your own first! If your team gets stuck, look at the back.
Group Activity Exercise -Problem 2 (continued)
Your first clues should have come from question #1. Here are a few more clues.
What can you use as sources of immune B & T cells and naïve (non-immune) B & T cells?
How might you use antibody reagents plus complement to prepare populations of B cells and T cells?
Would an immune reconstitution experiment work?
2. Based on your current understanding of immunology, which of the following is the best interpretation for the data shown below? 
Group Activity Exercise -Problem 3
The "Raff experiment", published in 1970, used anti-Thy1 antisera in an adoptive transfer protocol to demonstrate that carrier-primed cells are T cells. In this assignment you will design an experiment using a similar strategy to prove that hapten-primed cells are B cells.
Group Activity Exercise -Problem 3 (continued)
In the space below, diagram an experiment similar to the "Raff experiment" to prove that hapten-primed cells are B cells. Use symbols and diagrams similar to those shown in class. Be sure to show the expected results.
The simplest answer is to repeat the Raff experiment with the single change of using anti-Ig to remove B cells, rather than anti-Thy1 to remove T cells, as in the original experiment. Expected results should show a poor anti-hapten antibody response when B cells are removed from the cells derived from the hapten-primed donor. 
